Abstract. We show in a fully covariant way that, there exist a class of f (R) models for which a shear-free, almost FLRW universe can expand and rotate at the same time .
INTRODUCTION
The action of a generalized fourth-order gravity is given by (for more details, see [1] and references therein):
where L m represents the matter contribution, and the generalized field equations read
Here we have defined The total thermodynamics of the matter-curvature composite is then given by
where µ R , etc. are thermodynamical quantities of the curvature fluid defined in the next section. The covariant derivative of a timelike vector u a can be decomposed into basic parts as
where A a =u a is the acceleration, Θ =∇ a u a is the expansion, σ ab =∇ a u b is the shear tensor and ω a = ε abc∇ b u c is the vorticity vector. For the Weyl curvature tensor one has
giving a covariant description of tidal forces and gravitational radiation respectively.
LINEARIZED FIELD EQUATIONS
We consider the background to be Friedmann-Lemȃitre-Robertson-Walker (FLRW), where the Hubble scale sets the characteristic scale of the perturbations. In the perturbed spacetime the standard matter is considered to be a perfect fluid with the energy momentum tensor given by:
with p m = wµ m and the heat flux (q m a ) and the anisotropic stress (π m ab ) vanishing in the perturbed spacetime. In addition, since we consider shear-free perturbations, the shear tensor σ ab vanishes identically.
For the curvature fluid the linearized thermodynamic quantities are given by
With the conditions above, the propagation and constraint equations can be given bẏ
The conditions σ ab = 0 and q a m = 0 give the two new constraints (C 0 ) ab and (C 4 ) a respectively. Substituting (C 0 ) bd into (C 5 ) b and using (C 4 ) b we obtain the constraint
where φ ≡ ln µ m . To check the spatial consistency of the above constraint on any initial hypersurface we take the curl of (22) to obtain
